We have previously combined loss-and gain-of-function approaches to investigate the function of Arabidopsis minichromosome maintenance (MCM) protein subunit 2 (MCM2). However MCM2 loss of function leads to the death of embryos, thus precluding the analysis of homozygous MCM2 mutants.
37 necessary for DNA replication. It exists in all eukaryotes, forming many types of heteromers and 38 playing diverse roles. The expression of MCM genes is controlled by E2f1-4 transcription factors 39 (Vandepoele et al. 2005 ). In addition, the ERK/MAPK signal transduction pathway plays a key 40 role in this regulation (Bruemmer et al. 2003) . The biological functions of MCM2-7 can be 41 regulated and influenced by Cdt1, cyclin E, p27Kip1, Rb, ATM and ATR proteins. MCM8 and 42 MCM9 are found only in higher organisms. No homologues of MCM8 are found in 43 yeast ). MCM9 exists in vertebrates only (Lutzmann et al. 2005) . Although 44 these two proteins belong to the MCM protein family, they do not form polymers with the 45 aforementioned six MCM proteins. And he MCM8-9 complex is required for DNA synthesis 46 without MCM2 (Natsume et al. 2017 ). MCM8 might be also involved with RAD51 in meiotic 47 double strand break repairs in Arabidopsis (Crismani et al. 2013 ).
48 MCM proteins leave the replication origin and participate in the extension of DNA replication. 49 For example, inactivation of MCM proteins by adding mixed antibody (Shechter et al. 2004) or 50 Rb protein (Pacek & Walter 2004 ) inhibits DNA synthesis in Xenopus laevis egg extracts.
51 Although MCM1 and MCM10 do not belong to this protein family, they are functionally related 52 and play an important role in replication. The MCM2-7 complex is the replicative helicase 53 opening replication forks. Although the MCM hexamer of eukaryotes does not have a helicase 54 activity, the protein complex (extracted from Xenopus eggs), which binds with chromatin, 55 contains six MCM proteins and Cdc45, and possesses helicase activity (Masuda et al. 2003) . 56 Furthermore, Cdc45 and the MCM2-7 complex migrate along with the replication fork, and the 57 helicase activity of the MCM complex is characteristic of S-phase. MCM8 also functions as a 58 helicase in the elongation step of DNA replication . 59 In the past years, the relationships between MCM proteins and plant development have gained 60 the interest of researchers. Similar to the genomes of other eukaryotes, those of higher plants 61 contain multiple chromosomes, and their DNA replication is initiated at multiple origins to 62 ensure that the entire genome is fully replicated (Herridge et al. 2014) . 70 In addition to plant cell division and seed development, plant MCM proteins also play a role in 71 abiotic stress response. MCM6 is involved in salinity tolerance . Arabidopsis 72 MCM2 is related to geminiviral DNA replication (Suyal et al. 2013 ), indicating a relationship 73 between host proteins and virus DNA replication. In addition, reduction in MCM2 expression is 74 responsible for the reduction in cell division induced by the loss of function of the GTP-binding 75 protein α subunit (gpa1) (Chen et al. 2015) . 76 In the present study, we used RNA interference to silence MCM2 gene expression in tomato 77 plants and analyse its contribution to the development of apical meristems and leaves of tomato. 
Cloning and sequencing of tomato LeMCM2
88 Total RNA was isolated from tomato young leaves by using a plant RNA extraction kit 89 (MiniBEST, TaKaRa), and the isolated RNA was reverse-transcribed into cDNA by using a 90 reverse-transcription kit (PrimeScriptTMII, TaKaRa). In specific, the LeMCM2 cDNA was 91 cloned by PCR amplification with primers containing XbaI/BamH1 and SacI/SmalI (Table S3) . 92 The obtained PCR products were fully sequenced and cloned into pUCm-T Vector (Sango 93 Biotech).
94 Gene constructs and plant transformation 95 To construct the 35S:LeMCM2 RNAi vector, we inserted the invert-repeat LeMCM2-specific 96 cDNA sequences into a pCambia1300 vector containing AtWRKY33 intron sequences by 97 combining restrictive DNA endonucleases XbaI/BanmHI and SacI/SmalI following previously 98 described methods (Jin et al. 2009 ). . In brief, tomato seeds were germinated on germination medium with half-strength MS 102 salts. Cotyledons of 7-day-old seedlings were excised and cultured on organogenesis medium 103 with MS salts and zeatin and indole-acetic acid for 2 days, followed by infection with an 104 agrobacterium culture containing the RNAi silencing construct for another 2 days. The infected 105 cotyledon explants were then transferred to the aforementioned medium supplemented with 106 hygromycin and timetin, which were used to inhibit the growth of non-transformed tomato cells 107 and agrobacteria, respectively. The regenerated shoots were then screened for their ability to 108 form roots on medium supplemented with half-strength MS salts, timetin and hygromycin. The 109 genomic DNAs were isolated from hygromycin-resistant shoots for PCR analyses to monitor the 110 transgene. (Fig. S2 ).
167 After agrobacterium-mediated tomato transformation, 15 hygromycin-resistant plantlets were 168 recovered. PCR analyses revealed that four of these plants were transformed with the transgene. 169 The expression of LeMCM2 in the transgenic plants was monitored by real-time reverse 170 transcription PCR, revealing that all lines displayed reduced LeMCM2 expression (Fig. 1) . (Fig. 2) . In detail, 336, 362 and 479 genes were up-regulated while 177 348, 402 and 474 genes were down-regulated in lines 10, 11 and 13, respectively (Figs. 3a and 178 3b). Among them, 241 genes were up-regulated (Table S1 ), including MCM2 and MCM5, and 179 242 genes were down-regulated in all three lines (Table S2 ). The MCM2 up-regulation in 180 LeMCM2-silenced tomato plants might be due to that the probe on the GeneChip matches the 181 RNAi construct used herein. (Fig. 4a ) and smaller seeds (Fig. 4b) . However, seeds with different sizes were 186 observed in the LeMCM2-silenced lines (Fig. S3) 
